It is essential to identify the best anthropometric index in any population to predict chronic disease risk. OBJECTIVE: To compare the ability of waist circumference (WC), body mass index (BMI), waist-to-hip ratio (WHpR) and waistto-height ratio (WHtR) to predict cardiovascular risk factors in an urban adult population of Tehranian men. DESIGN: Population-based cross-sectional study. SUBJECTS: A representative sample of 4449 men aged 18-74 y, participants of the Tehran Lipid and Glucose Study METHODS: Demographic data were collected; anthropometric indices and blood pressure were measured according to standard protocol. In the 18-34 y age category, cutoff points for BMI, WHpR, WHtR and WC were 24 kg/m 2 , 0.86, 0.47 and 81 cm, respectively. In the 35-54 y age category these cut points were 26 kg/m 2 , 0.91, 0.52 and 89 cm, and in the 55-74 y age category 26 kg/m 2 , 0.95, 0.54 and 91 cm, respectively. Hypertension was defined based on JNC VI. Biochemical analysis was conducted on fasting blood samples. Diabetes was defined as fasting plasma glucose Z126 mg/dl or 2hPG Z200 mg/dl and dyslipidemia based on ATP III. The presence of 'at least one risk factor' from the three major cardiovascular risk factors (hypertension, dyslipidemia and diabetes) was also evaluated. RESULTS: Mean age of men was 41.8715.4 y. Mean BMI, WHpR, WC and WHtR for subjects were 25.674.2 kg/m 2 , 0.9170.07, 87.7711.7 cm and 0.5170.02, respectively. Dyslipidemia and 'at least one risk factor' are more prevalent risk categories. Although all anthropometric indicators had a significant association to cardiovascular risk factors, WHpR had the highest correlation coefficients compared to other anthropometric measures. For all risk factors in all age categories, the highest odds ratios were pertained to WHpR. Of the four individual indicators, WHpR had the highest sensitivity, specificity and accuracy to predict cardiovascular risk factors. Cutoff points for WHpR were seen to have a higher percentage of correct prediction than BMI, WC and WHtR in all age categories. CONCLUSION: It is concluded that WHpR is a better predictor for cardiovascular risk factors than BMI, WC and WHtR in Tehranian adult men.
Introduction
The prevalence of obesity has increased dramatically in industrialized and developed countries, [1] [2] [3] such that the World Health Organization reported overweight and obesity to be an escalating epidemic, worldwide. 4 Obese people are susceptible to other chronic diseases such as diabetes, cardiovascular disease (CVD) and some cancers. 4 In Iran, the prevalence of both obesity and CVD risk factors is high. [5] [6] [7] Although, body mass index (BMI) as a recommended index of obesity by World Health Organization 8 is related to disease risk, 9 some studies suggest that the pattern of body fat distribution is a more important determinant of disease risk [10] [11] [12] and individuals with a high proportion of abdominal fat have higher risks for developing diabetes, 13 hypertension 14 and CVD. 15 Unfortunately, there is no standard measure of abdominal obesity that is widely accepted. Although, the majority of studies recommend waist circum-ference (WC) as a better indicator of abdominal obesity and a better predictor for CVD than either BMI or waist-to-hip ratio (WHpR), [16] [17] [18] [19] such findings have not been confirmed in Asian 20 and Ocean countries 21 and the best index of obesity that is predictive for CVD risk still remains as a controversial subject. On the other hand, most studies examining the risk of adverse health associated with obesity have been based on data from Europe or the United States and few data are available from the Asia-Pacific region, particularly from the middle-east countries. The importance of this point is doubled when we note that the predictive power of anthropometric indices is population-dependent 22 and varies from race to race. 23, 24 It is essential, therefore, to identify the best anthropometric index in any population to predict chronic disease risk and to facilitate enhanced screening for disease risk factors. The present study was designed to compare the ability of WC, BMI, WHpR and waist-to-height ratio (WHtR) to predict CVD risk factors in an urban adult population of Tehranian men.
Subjects and methods

Subjects
This study was conducted within the framework of the Tehran Lipid and Glucose Study (TLGS), a prospective study performed on a representative sample of residents of district-13 of Tehran with the aim of determining the prevalence of noncommunicable disease risk factors and developing a healthy lifestyle to improve these risk factors. 25 In the TLGS, of 15 005 people aged 3 y and over, living in district-13 of Tehran, selected by multistage cluster random sampling method, there were 10 837 people aged 18-74 y. In the present population-based cross-sectional study, 4449 males with full relevant data were included. The proposal of this study was approved by the research council of Endocrine Research Center of Shaheed Beheshti University of Medical Sciences, and informed written consent was obtained from each subject.
Methods
Subjects were interviewed privately, face to face. Interviews were conducted by trained interviewers using pretested questionnaires. Initially, information on age and smoking habits were collected. Data on physical activity, which has been reported earlier, 26 were obtained using the Lipid Research Clinic (LRC) questionnaire. Weight was then measured, while they were minimally clothed without shoes, using digital scales and recorded to the nearest 100 g. Height was measured in a standing position, without shoes, using tape meter while the shoulders were in a normal state. BMI was calculated as weight in kilograms divided by height in meters squared. WC was measured at the narrowest level and that of the hip at the maximum level over light clothing, using an unstretched tape meter, without any pressure to body surface and measurements were recorded to the nearest 0.1 cm. WHpR was calculated as WC divided by hip circumference and WHtR as WC divided by height. To avoid subjective error, all measurements were taken by the same person.
To evaluate blood pressure, participants were initially made to rest for 15 min. Then a qualified physician measured blood pressure two times in a seated position during physical examinations after one initial measurement for determining peak inflation level using a standard mercury sphygmomanometer. On the basis of the circumference of the participant's arm, a regular adult or large cuff was chosen. The cuff was placed on the participant's right arm, which is at the heart level and inflated at as high an increment rate as possible, until the cuff pressure was 30 mmHg above the level at which the radial pulse disappeared. There was at least a 30 s interval between these two separate measurements, and thereafter the mean of two measurements was considered as the participant's blood pressure. The systolic blood pressure was defined as the appearance of the first sound (Korotkoff phase 1) and diastolic blood pressure was defined as the disappearance of the sound (Korotkoff phase 5) during deflation of the cuff at a 2-3 mm per second decrement rate of the mercury column. Before measuring the blood pressure, the participant was questioned about drinking tea or coffee, physical activity, smoking and a full bladder.
A blood sample was drawn between 0700 and 0900 into vacutainer tubes from all study participants after 12-14 h overnight fasting. Blood samples were taken in a sitting position according to the standard protocol and centrifuged within 30-45 min of collection. All blood lipid analyses were performed at the TLGS research laboratory on the day of blood collection. The analysis of samples was performed using selectra 2 auto-analyzer (Vital Scientific, Spankeren, Netherlands). Fasting plasma glucose (FPG) was measured on the day of blood collection by enzymatic colorimetric method using glucose oxidase. Total cholesterol (TC) and triglyceride kits (Pars Azmoon Inc., Iran) were used. TC and Serum triglycerides (TGS) were assayed using enzymatic colorimetric tests with cholesterol esterase and cholesterol oxidase and glycerol phosphate oxidase, respectively. Highdensity lipoprotein cholesterol (HDL-C) was measured after precipitation of the apolipoprotein B-containing lipoproteins with phosphotungstic acid. Low-density lipoprotein cholesterol (LDL-C) was calculated from serum TC, TGS and HDL-C. 27 It was not calculated when TGS concentration was greater than 400 mg/dl. Assay performance was monitored once every 20 tests interval using the lipid control serum, Percinorm (normal range) and Percipath (pathologic range) wherever applicable (Boehringer Mannheim, Germany; cat. no. 1446070 for Percinorm and 171778 for Percipath). Lipid standard (Calibrator for automated systems, Boehringer Mannheim, Germany; cat. no. 759350) was used to calibrate the selectra 2 auto-analyzer for each day of laboratory analyses. All samples were analyzed when internal quality control met the acceptable criteria. Inter-and intra-assay coefficients of variation were 2 and 0.5% for TC and 1.6 and 0.6% for TGS, respectively. 0.54 (78th percentile) and 91 cm (74th percentile), respectively. In addition to these cut points, we analyzed data again using the suggested cut points of World Health Organization (WHO). 29 Hypertriglyceridemia was defined as serum triglyceride Z200 mg/dl, hypercholestrolemia as TC Z240 mg/dl, high LDL-C as Z160 mg/dl and low HDL-C as o40 mg/dl. 30 Dyslipidemia was defined based on the third report of the National Cholesterol Education Program Expert Panel 30 as having hypertriglyceridemia or hypercholestrolemia or high LDL-C or low HDL-C. Hypertension was defined as systolic blood pressure Z140 mmHg or diastolic blood pressure Z90 mmHg or current use of antihypertensive medication based on JNC VI. 31 Diabetes mellitus was defined as FPG Z126 mg/dl or 2hPG Z200 mg/dl. 32 The presence of 'at least one risk factor' of the three major risk factors for CVD (hypertension, dyslipidemia and diabetes) was also evaluated.
Statistical methods
All data were analyzed by SPSS (SPSS Inc., Chicago, IL, USA; Version 9.05). Subjects were divided into three age categories: 18-34 y (n ¼ 1654), 35-54 y (n ¼ 1705) and 55-74 y (n ¼ 1090). Because different cut points were used for different age categories, statistical analysis was performed separately by age categories. The Mantel-Haenszel extension test was performed to assess the overall trend of an increasing age associated with an increasing prevalence of risk factors. Partial correlation analysis was used to detect the relationship between anthropometric measures and cardiovascular risk factors, controlling for confounding variables such as age, smoking and physical activity. Multiple linear regressions were performed by using risk factors as the dependent variables in separate models and WC, WHpR, WHtR, BMI and age as the independent variables in all models. Multivariate logistic regression model was used to investigate contribution of multiple factors for CVD. In all models, confounding variables (age, smoking and physical activity) were used as covariates. Frequency of subjects with and without cardiovascular risk factors in established cut points of WC, BMI, WHpR and WHtR was determined by crosstabulation and sensitivity, specificity and accuracy were calculated. Sensitivity of each anthropometric measure was defined as the proportion of the total number of subjects with a given risk factor who were identified correctly by the same indicator. Specificity of each anthropometric measure was defined as the proportion of the total subjects without the risk factor who were correctly identified by the same measure. Accuracy of each anthropometric measure was defined as the proportion of the total subjects with and without the risk factor who were correctly identified by the same measure. McNemar's w 2 statistic was used to determine whether significant differences were present between any two of the four anthropometric measures in terms of accuracy in classifying individuals according to the presence/absence of risk factors.
Results
Mean Table 1 . There was an age increasing trend in blood glucose, systolic and diastolic blood pressure. Lipid profiles were increased from the 18-34 y age category to the 35-54 y age category, while there was no significant difference in lipid profiles of two age categories of 35-54 and 55-74-y-old.
The prevalence of cardiovascular risk factors is depicted in Figure 1 . Dyslipidemia and 'at least one risk factor' are more prevalent than hypertension and diabetes. There was an age increasing trend in the prevalence of all risk factors (P for WHpR is the best predictor for CVD risk A Esmaillzadeh et al trend o0.05 for all), with the exception of a slight drop in the prevalence of dyslipidemia in the oldest age category. Partial correlation coefficients between anthropometric measures and cardiovascular risk factors are presented in Table 2 . These coefficients were controlled for age, smoking and physical activity. Although all anthropometric indicators had a significant association to cardiovascular risk factors, WHpR had the highest correlation coefficients compared to other anthropometric measures.
The results of simultaneously entering WC and WHpR when predicting cardiovascular risk factors after adjustment for age, BMI and WHtR are shown in Table 3 . Both WC and WHpR were independently related to various cardiovascular risk factors. These associations were negative for HDL-C and positive for other risk factors. Table 4 shows the odds ratios (ORs) for having each cardiovascular risk factor in the presence of established cut points of anthropometric measures in different age categories. All the ORs were statistically significant, except for WHtR for having diabetes in the 55-74 y age category. For all risk factors in all age categories, the highest ORs pertained to WHpR. Using WHO-suggested cut points, the results obtained were the same with the exception that the relationship between WC and cardiovascular risk factors showed a tendency to cease (data not shown).
A comparison of sensitivity, specificity and accuracy for hypertension and dyslipidemia, using the four anthropometric indicators, is presented in Table 5 . Of the four individual indicators, WHpR had the highest sensitivity, specificity and accuracy to predict either hypertension or dyslipidemia. No combination of indicators had higher accuracy than WHpR alone (data not shown). For combinations of 'one or more indicators', sensitivity is higher than individual indicators, while specificity is lower. For combinations involving 'both of any two indicators', the reverse is true. Most of the findings for the other risk factors investigated (data not shown) were the same as those for hypertension or dyslipidemia. Also, when we used the WHOsuggested cut points, the same results were reached (data not shown).
Comparison of anthropometric measures with respect to their ability to predict the presence/absence of 'at least one risk factor' is shown in Table 6 . Cutoff points for WHpR are seen to have a higher percentage of correct prediction than BMI, WC and WHtR in all age categories. There was a significant difference between the percentage of individuals whose risk factor status is correctly predicted using WHpR (but not so using BMI) and the percentage of individuals whose risk factor status is correctly predicted using BMI (but not so using WHpR) (P ¼ 0.03 in the 18-34 y age category, P ¼ 0.001 in the 35-54 y age category and P ¼ 0.001 in the 55-74 y age category). Similarly, significant differences were seen between WHpR and WC (P ¼ 0.02 in the 18-34 y age category and P ¼ 0.01 in the 35-54 and 55-74 y age categories) and also between WHpR and WHtR (P ¼ 0.01 in the 18-34 y age category, P ¼ 0.02 in the 35-54 y age category and P ¼ 0.001 in the 35-74 y age category). Most of the findings for the other risk factors investigated (data not shown) were the same as those for at least one risk factor. Also, when we used the WHO-suggested cut points, the same results were obtained (data not shown). Tehran Lipid and Glucose Study. Dyslipidemia and 'at least one risk factor' were more prevalent than hypertension and diabetes. There was an age increasing trend in the prevalence of all risk factors (P for trend o0.05), with the exception of a slight drop in the prevalence of dyslipidemia in the older age category. WHpR is the most widely used indicator of abdominal obesity in population studies. It is a robust measure of risk and it was observed that a high WHpR, after adjustment for age and BMI, was associated with an increased visceral fat area, 33 which is thought to contribute to the risk of developing disease associated with central fat distribution. 22 The validity of WHpR as an indicator of body fat distribution was determined by in vivo methods. 34, 35 In line with our findings, some other investigators have also reported WHpR to be a better predictor of cardiovascular risk factors than WC and BMI. Lakka women. 47, 48 The predictive power of WC for CVD risk factors is population-dependent 22 and varies from race to race. 23 For example, it has been reported in Taiwan that WHtR may be a better indicator for screening of CVD risk factors than BMI, WC and WHpR ratio. 20 Lear et al 24 also
reported that ethnic descent modifies the relationship between WC and metabolic risk factors. The other point For abbreviations, see footnote to Table 1 . Hypertension was defined as SBP Z140 mmHg, DBP Z90 mmHg or current use of antihypertensive medications; diabetes was defined as FPG Z126 mg/dl or 2hPG Z200 mg/dl; hypertriglyceridemia was defined as serum triglyceride Z200 mg/dl; hypercholestrolemia was defined as TC Z240 mg/dl; high LDL-C was defined as Z160 mg/dl; low HDL-C was defined as o40 mg/dl; dyslipidemia was defined as having hypertriglyceridemia, hypercholestrolemia, high LDL-C or low HDL-C. WHpR is the best predictor for CVD risk A Esmaillzadeh et al that could explain, to some extent, the discrepancy of our findings from that of others is the site of waist measurement. Most studies that reported WC to be a better indicator of CVD risk factors than BMI and WHpR measured waist midway between the lower rib and iliac crest, 46-48 whereas we measured it at the narrowest noticeable level. Other investigators have shown that there are differences in the ability of WC to predict CVD risk factors using different sites of waist. 51 Differences in the BMI and age range of subjects studied could also lead to different findings. 52 Despite these discrepancies, the take-home message remains similar that a preferential abdominal fat accumulation is detrimental to human health. Although most studies showed that WC may be a better reflection of the accumulation of visceral fat than WHpR, it should be noted that WHpR has been introduced as an appropriate index for evaluation of chronic disease risk and it has been suggested that an increased WHpR may reflect both a relative abundance of abdominal fat (increased WC) and a relative lack of gluteal muscle (decreased hip circumference). 13 WHpR not only shows body fat distribution but also reflects most of the lifestyle-related factors of an individual 53 and is independently associated with cardiovascular risk factors. 54 Therefore, using this index could provide more useful clinical information to identify subjects with cardiovascular risk factors. WHpR is the best predictor for CVD risk A Esmaillzadeh et al
There are several points that should be considered when examining the results of this study. The principal limitation of this study was the use of cross-sectional data to compare the ability of anthropometric indices to predict CVD risk factors. Future studies using longitudinal data will provide stronger evidence on this evaluation. Sensitivity and specificity, although not affected by the prevalence of the CVD risk factors, are influenced by the parameters used in the definitions of the CVD risk factors (such as dyslipidemia). Some accuracy may be lost in the determination of McNemar's w 2 statistic for comparison of the predictive ability of the various anthropometric measures. Chronic diseases are heterogeneous and multifactorial, and besides anthropometric measurements other factors such as hereditary and lifestyle-related factors must be considered. On the other hand, CVD risk factors are inter-related and this could confound the relation of anthropometry and these risk factors. The strength of this study is using a population representative sample of our country to compare the predictive ability of WC, WHpR, WHtR and BMI. This enhances the validity of our findings. The findings of this study could be extrapolated to other countries in the middleeast region; however, no data are available regarding the Iranians who have emigrated and it is better to conduct similar studies on Iranians who have emigrated. Regarding Iranian women, as we showed previously, 55 WC was a better indicator of cardiovascular risk factors. Given the aforementioned limitations, it is concluded that WHpR, as compared to BMI, WC and WHtR, may be a better indicator of cardiovascular risk factors in Tehranian adult men.
